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Preface
Geothermal  energy ,  the  heat  tha t  comes f rom ins ide  the  ear th ,  i s  such a  vas t  source  tha t
i t  mer i ts  cons idera t ion  when compared w i th  the  dwind l ing  sources  o f  the  foss i l  fue ls .  Even
though there  appear  to  be  many insuperab le  p rob lems connected  w i th  the  ac tua l  p rocess  o f
harness ing  th is  source ,  many sc ien t is ts  and eng ineers  es t imate  tha t  much o f  our  energy
needs can be derived from within the earth.
Th is  pub l i ca t ion  w i l l  look  a t  geothermal  energy  and examine some o f  the  ways  now
be ing  used to  ex t rac t  h is  energy .  In  add i t ion ,  some methods  tha t  ho ld  much promise  fo r  the
fu tu re  w i l l  be  d iscussed.
Th is  i s  the  e leventh  pub l i ca t ion  in  a  12-par t  energy  resou rce  ser ies  des igned fo r  the  ad  u  l t
and s tudent  w i th  a  ser ious  in te res t  in  the  energy  s i tua t ion .  Each pub l ica t ion  in  the  ser ies
examines a di f ferent energy source and considers the advantages and disadvantages
associated with i ts use.
When necessary, diagrams and/or tables are used to clar i fy or elaborate upon
in fo rmat ion  found in  the  tex t .  Quest ions  w i th  answers  are  inc luded a t  the  end o f  each
publ icat ion so that you can test what you have learned.
The au tho  r  w ishes  to  than k  Lar ry  Wel ls  and L inda Bach o f  the  Depar tment  o f  Ag r i cu  l tu  ra l
Eng ineer ing ,  Un ivers i ty  o f  Kentucky ,  fo r  rev iewing  the  tex t .
The Energy  Resource  Ser ies  fo r  Youth  and Adu l t  Energy  Programs inc ludes  the  fo l low ing
pu b l i ca t ions :
AEES-21 EnergyOverview
AEES-22 Def ini t ions
AEES-23 Oi l  and Gas
AEES-24 Coal
AEES-25 So lar
AEES-26 Wind
AEES-27 Nuc learF iss ion
AEES-28 Nuc lear  Fus ion
AEES-29 Wood
AEES-30 Water
AEES-31 Geothermal
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Energy Resource Series for Youth
and Adult Energy Programs
11 . Geothermal
The Source of
Geothermal Energy
Geothermal energy or earth heat has the poten-
t ia l  o f  becoming the  fo remost  source  o f  energy
d u r i n g  t h e  n e x t  f e w  d e c a d e s ,  j u s t  a s  t h e  f o s s i l f  u e l s
have been for the past 75 years. This source is so
great  tha t  i t  i s  l im i t less ,  un l i ke  the  foss i l  o r  nuc lear
f i ss ion  fue ls .  Yet  there  are  fo rmidab le  p rob lems in
the  app l ica t ion  o f  geothermal  energy  fo r  use fu l
work .
There  were  s imi la r  fo rmidab le  p rob lems in  cer -
ta in  phases  o f  the  space program,  bu t  they  were
so lved.  Most  rea l i s t i c  sc ien t is ts  and eng ineers  be-
l ieve  tha t  w i th  a  care fu l l y  p lanned,  s tep-by-s tep
program of research and test ing, great progress can
be made in  harness ing  th is  t remendous resource
wi th in  the  nex t  10  to  20  years .
I t  i s  be l ieved tha t  the  heat  genera ted  w i th in  the
earth comes from radioact ive mater ials.  Scient ists
and geo log is ts  genera l l y  agree  tha t  th is  ac t i v i t y
s ta r ts  a t  an  average depth  o f  20  mi les .  Many o f  these
mater ia ls  have ha l f - l i ves  o f  b i l l i ons  o f  years .  There-
fo re ,  the  poss ib i l i t y  o f  th is  source  ever  runn ing  ou t  i s
v i r tua l l y  e l im ina ted .  Th is  i s  qu i te  a  d i f fe ren t  s i tua-
t i o n  f  r o m  t h e  r a p i d l y  d w i n d l i n g  s u p p l y  o f  f o s s i l f  u e l s
and uran ium.  Even when one cons iders  the  la rge
research ,  deve lopment  and app l ica t ion  cos ts  fo r
br ing ing  geothermal  energy  in to  p rac t ica l  use ,  the
cos t  i s  bearab le  because o f  the  un l im i ted  l i fe  o f  the
so u rce.
F igure  1  shows a  c ross  sec t ion  o f  the  ear th .  The
outer  she l l  o r  c rus t  (A)  i s  composed o f  g ran i te  and
basa l t  rocks ,  wh i le  the  mant le  zone (B)  cons is ts  o f
heav ie r  ocks .  The mater ia l  in  the  ou ter  core  (C)  i s  in
a  p las t i c  o r  mo l ten  s ta te  l i ke  wh i te -ho t  s tee l  in  a
foundry .  The mel ted  rock  in  th is  zone is  ca l led
magma.  The inner  core  (D)  i s  thought  to  cons is t  o f
i ron  and n icke l  a t  a  tempera ture  o f  6 ,000 to  8 ,000"F.
T h i s  i n t e r n a l  h e a t  i s  t h o u g h t  t o  c o m e  f r o m  l o n g -
l i v e d  r a d i o a c t i v e  m a t e r i a l .  a n d  t h u s  b e  i n e x -
h  aus t ib le .
The boundar ies  o f  the  ear th 's  zones  are  no t
de f in i te  as  i t  m igh t  appear  f rom the  c i rc les  d rawn in
the  d iagram.  Rather ,  each zone gradua l ly  b lends
Fig .  1 . -A  c ross  sec t ion  o f  the  ear th ,  showing the  d  i f  f  e ren t  zones .
i n to  the  nex t .  A t  some p laces  one zone penet ra tes
much fa r ther  in to  another ,  fo r  example ,  to  w i th in  a
few thousand fee t  o f  the  sur face .  l t  i s  th is  fac t  tha t
makes the extract ion of heat f  rom the inter ior of  the
ear th  p rac t ica l .  The heat  f rom the  mol ten  in te r io r
a f fec ts  the  en t i re  vo lume o f  the  ear th .  The tempera-
tu re  inc reases  about  2"F  fo r  each 100 fee t  o f  depth .
Theore t ica l l y ,  i f methods  and equ ipment  were
ava i lab le  to  oenet ra te  the  c rus t  and mant le  and
reach in to  the  ou ter  core ,  th is  energy  cou ld  be  made
ava i lab le  a t  any  spot  on  the  sur face  o f  the  ear th .
Unfor tunate ly  th is  i s  no t  poss ib le  now and is  no t
pred ic ted  to  be  in  the  fo reseeab le  f  u tu re .  The depths
are  jus t  too  grea t .  Some t remendous c ien t i f i c  and
techno log ica l  b reak through w i l l  haveto  come about
before this becomes a widespread pract ice.
However ,  a  cons iderab le  amount  o f  energy  is
be ing  used now tha t  comes f  rom natura l  ho t  water
and steam sources f rom beneath the earth's surface.
One source  jus t  nor th  o f  San Franc isco  and another
near  Lardere l lo ,  l ta ly ,  p roduce la rge  quant i t ies  o f
s team to  run  tu rb ines  and produce e lec t r i c i t y .  In
lce land and New Zea land ho t  water  and s team are
used in  home,  o f f  i ce  and fac to ry  heat ing .
Fig .  2 . -A  magn i f ied  por t ion  o f  a  c ross  sec t ion  o f  the  ear th .  Reg ion  A represents  the  average th ickness  o f  the  ear th 's  c rus t ,
w h i l e D r e p r e s e n t s t h e a v e r a g e d e p t h t o t h e o u t e r c o r e . R e g i o n s B a n d C r e p r e s e n t  l a c s w h e r e t h e m a n t l e h a s r u p t u r e d ,
and the  magma has  pushed th  rough to  near  the  ear th 's  u  r f  ace .  l t  i s  in  reg  ions  B and C tha t  p rac t ica l  ex t rac t ion  o f  the  in te r io r
heat  o f  the  ear th  occurs .
Tapping Geothermal Energy
Dry Steam Method
I t  i s  f  o r tu  na te ,  however ,  tha t  in  a  f  ew p laces ,  the
upper regions of the outer core have penetrated the
mant le  to  w i th in  p rac t ica l  d r i l l i ng  d is tances  o f  the
ear th 's  sur face  (F igure  2) .  l f  the  over ly ing  rock
layers  f rac tu re  f rom the  fo rces  bu i l t  up  beneath
them,  ou t le ts  to  the  sur face  are  fo rmed and vo l -
canoes can occur .
In  o ther  cases  the  mant le  i s  re la t i ve ly  th in  and
heat  f rom the  ou ter  core  reg ion  keeps  the  mant le
layer  ex t remely  ho t  (F igure  3) .  P laces  where  the
mol ten  rock  (A)  has  pushed th rough the  mant le  to
near the earth's surface, offer the greatest potent ial
fo r  tapp ing  the  ear th 's  na tura l  heat .  Heat  f rom the
magma, represented by the wavy arrows, passes by
c o n d u c t i o n  t h r o u g h  t h e  s o l i d  r o c k  l a y e r  ( B ) .
Groundwater ,  co l lec ted  in  bas ins  (H) ,  soaks  in to  the
porous rock layer (C) and may be heated to several
thousand degrees  by  the  ho t ,  so l id  rock  beneath  i t .
This superheated water produces extremely dry
steam. l f  the steam trapped between the two sol id
rock  layers  (B  and D)  can be  tapped by  dr i l l i ng  in to
domes (F) ,  i t  can  be  led  to  s team tu rb ines  (G)  to
dr ive  a  genera tor  w i th  jus t  a  min imum of  con t ro l  and
f  i l te r ing .
Thus ,  a  s team we l l  i s  more  va luab le  than an  o i l
o r  gas  we l l .  O i l  f rom a  we l l  requ i res  ex tens ive
re f in ing ;  i t  must  be  sent  th rough the  e f f i c iency
losses  o f  the  bo i le r .  Even na tura l  gas  must  be
cond i t ioned be fore  be ing  sent  to  the  bo i le r .  Geo lo-
g is ts  a re  cont inua l l y  look ing  fo r  s i tua t ions  l i ke  th is .
Th is  search  is  as  imoor tan t  as  the  search  fo r  coa l ,
o i l ,  g a s  o r  u r a n i u m .  F i n d i n g  t h e  r i g h t  p l a c e s  i s  t h e
key  to  success fu l  harness ing  o f  geothermal  energy .
Rather  than the  ho t  magma produc ing  s team as
shown in  F igure  3 ,  i t  i s  more  common to  f ind  a  ho t
layer  o f  rock  much deeper .  These are  covered by
upper  rock  layers  tha t  a re  vo id  o f  water .  Sc ien t is ts
are  look ing  a t  var ious  ways  to  tap  the  heat  energy  o f
these rocks.
One way is  shown in  F igure  4 .  Once the  area  o f
hot rock (A) is located (the area may cover hundreds
of  square  mi les  a t  var ious  depths  and th icknesses) ,
a  we l l  (D)  i s  d r i l l ed  10 ,000 to  20 ,000 fee t  in to  the  ho t
rock  layer .  A  f rac tu red  rock  chamber  o r  c rack ,
shaped l i ke  a  wafer - th in  c racker ,  i s  fo rmed by
forc ing  water  under  h igh  pressure  th rough the  we l l
to depths near the bottom of the hot rock layer,  or i f
poss ib le ,  near the  sur face  o f  the  magma.  Th is  a l lows
geo log is ts  to  ge t  c loser  to  the  ho t tes t  par t  o f  the
layer of rock.
Af te r  the  th in  chamber ,  severa l  hundred fee t  in
d iameter  bu t  jus t  a  few inches  w ide ,  has  been
formed.  water  i s  oumoed down the  we l l .  The water
f  i l l s  the  c racks  and c rev ices  tha t  were  caused by  the
f  rac tu re .  The sur round ing  ho t  rock  bo i l s  the  water ,
and s team is  fo rmed.  Th is  s team is  tapped by  dr i l l i ng
a  second we l l  (E)  to  one s ide  o f  the  f i rs t  we l l .  The
s team fo rces  i t s  way  up  th is  we l l  to  the  power  p lan t
(F)  where  i t  tu rns  a  tu rb ine  dr iv ing  a  genera tor .  A f te r
pass ing  th rough the  tu rb ine ,  the  s team is  passed
through coo l ing  towers ,  i s  condensed and then
pumped back  down the  f i rs t  we l l  (D)  fo r  recyc l ing
in to  s team.  Thus ,  the  heat  f  rom the  ho t  in te r io r  o f  the
earth is harnessed to do usef ul  work.
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Fig. 3.-A greatly magnif ied sketch of one of the humps in Figure 2, showing how a steam well  might operate. The depths
and thicknesses of the rock layers vary widely; therefore, the numbers used here are only approximate.
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Flg.4.-A system for extracting energy from hot but dry rock.
Wet Steam Method
One o ther  na tura l  s i tua t ion  found in  some areas
of the country is cal led wet steam wel ls.  The si tua-
t ion  is  qu i te  s imi la r  to  tha t  shown in  F igure  3 .  l t  i s
much more  common fo r  the  layer  o f  rock  (B)  to  be
much th icker ,  thus  pu t t ing  more  d is tance be tween
magma and the  porous  rock  layer  (C) .  Th is  resu l ts  in
a  lower  tempera ture  a t  the  porous  rock  layer  (C) .
The groundwater in this porous rock is not heated to
the same extent as in the rare rock formations that
fu rn ish  dry  s team.  The f lu id  tha t  i s  fo rced up  the
dr i l led  wet  s team we l ls  conta ins  a  mix tu re  o f  s team
and hot  water .  The f lu id  may be  we l l  above the
bo i l ing  po in t  o f  water  (212"F)  and s t i l l  be  in  the
l iqu id  s ta te  because o f  h igh  pressures .  When the
f luid reaches the surface, some of the pressure is
reduced and some s team is  fo rmed.  Th is  i s  ca l led
f  lash ing .  Th is  mix tu re  poses  some prob lems fo r  the
mechan ica l  eng ineer  seek ing  to  opera te  tu rb ines .
Turb ines  are  des igned to  opera te  e i ther  on  a  gas ,
such as  s team or  exhaust  gases  f rom burn ing  fue l  o r
on  l iqu id  water  as  wou ld  be  found a t  a  hydroe lec t r i c
p lan t .  Turb ines  do  no t  ooera te  on  a  mix tu re  o f  water
and steam.
To operate a turbine, the steam must be sepa-
ra ted  f rom the  ho t  water .  Th is  can be  done on  a
pract ical  basis with today's technology, but the
ex t ra  equ ipment  cos ts  money,  bo th  in  energy  and
maintenance. The hot water that is separated f rom
the s team can be  pu t  to  var ious  uses ,  such as  the
d i rec t  heat ing  o f  bu i ld ings .  Processes  are  ava i lab le
where  the  ho t  water  can d is t i l l  i t se l f .  Th is  wou ld
lessen the  prob lems o f  d isso lved minera ls  fou l ing
and cor rod ing  the  p ip ing  sys tem.  Th is  p rob lem is
encountered by try ing to use the hot water direct ly.
The water  remain ing  a f te rd is t i l l a t ion  can be  t rea ted
to  y ie ld  the  minera ls ,  many o f  wh ich  are  use fu l .
Therefore, the wet steam wel ls have the potent ial  of
p rov id ing  a  th ree- fo ld  benef i t :  s team fo r  tu rb ine-
e lec t r i c i t y ,  ho t  d is t i l l ed  water  fo r  heat ing  or  any
other  use  where  pure  water  i s  essent ia l ,  and
minera ls .
An overa l l  p rob lem wi th  the  wet  s team we l l  i s
ine f f i c iency .  The s team tempera ture  in  modern
fossi l  fueled power plants gets to the turbine at
approx imate ly  '1 ,000 'F .  Th is  p rov ides  an  overa l l
plant ef f  ic iency of 35 to 40 percent.  The geothermal
steam temperature after separat ion from the hot
water  may be  around 300 'F ,  resu l t ing  in  an  overa l l
p lan t  e f f i c iency  o f  10  to  12  percent .  Th is  cer ta in ly  i s
much lower  than the  modern  foss i l  fue l  p lan t .
However,  the wet-steam plant is not using up a
cr i t i ca l  fue l ;  there fore ,  the  lower  e f f i c iency  o f  the
system may be tolerated as long as adverse side
effects are not encountered.
Another  way o f  u t i l i z ing  the  wet  s team is  in  a
secondary  f lu id  c i rcu i t .  Th is  i s  shown in  F igure  5 .
S team and ho t  water  a t  350o F  fo rce  the i r  way  up  the
wel l  (A)  wh ich  ex tends  to  depths  where  water
percolates into cracks and crevices of hot porous
rock. The steam and hot water pass through the heat
exchanger  (B) ,  g iv ing  up  some heat  to  the  coo le r
l i q u i d  i s o - b u t a n e  w h i c h  i n  t u r n  b o i l s .  T h e  o r i g i n a l
mix tu re  i s  re tu rned to  the  ground by  pump (C)
th rough p ipe  (D) .  The vapor  o f  the  iso-bu tane
col lects in the vessel (E),  then forces i ts way through
the  tu rb ine  in  a  manner  s imi la r  to  a  s team sys tem.
The vapor  leaves  the  tu rb ine  and is  coo led  in
another  heat  exchanger  (H)  to  the  l iqu id  s ta te ,  and is
Fig .  5 . -A  secondary  f  lu id  cyc le  sys tem.  A  f  lu id  such as  iso-bu tane,  Co H,o ,  tha t  bo i l s  a t  10 'F  o r  o ther  f  lu ids  tha t  have
low bo i l ing  po in ts  a re  used in  a  secondary  c i  rcu i t  o r  sys tem cons is t ing  o f  heat  exchanger  B ,  vapor  co l lec to r  E ,  tu rb i  ne
F connected  to  a  genera tor  G,  condenser  H and condensate  or  l iqu id  i so-bu tane pump l .
forced through the cycle again by the condensate
pump ( l ) .  The med ium tha t  does  the  coot ing  in  the
heat  exchanger  (H)  can be  a i r  o r  water  f  rom a  loca l
source.
The or ig ina l  m ix tu re  o f  water  and s team f rom
the ear th  wh ich  probab ly  conta ins  des t ruc t ive
minera ls  has  been used to  tu rn  the  tu rb ine  w i thout
separat ing the steam and water.  The eff ic iency of
the total  system is lowered by having to go through
the extra heat exchanger;  this is of fset by not
requir ing separat ion of steam and water.  By use of
th is  sys tem,  some o f  the  heat  in  the  water  tha t  wou ld
otherwise be lost,  is passed to the secondary f lu id.
Th  is  can be  a  s i  gn i f  i can t  ga i  n  i f  the  quant i t y  o f  water
in  the  mix tu re  i s  g rea t .
Future Systems
Some sc ien t is ts  and eng ineers  a re  want ing  to
use smal l  nuc lear  dev ices  to  fo rm la rge  open cav i -
t ies or chambers deep down, 10,000 to 20,000 feet,
in  rock  tha t  s i t s  on  the  magma.  The chamber  wou ld
be '1 ,500 to  2 ,000 fee t  in  d iameter .  A  we l l  wou ld  be
dr i l led  to  th is  chamber  and a  p ipe  inser ted  near  the
bot tom (F igure  6) .  A  second we l l  wou ld  be  dr i t led
ad jacent  to  the  f  i r s t  to  the  top  o f  the  chamber .  Water
wou ld  be  pumped in to  the  chamber ,  ha l f  f i l l i ng  i t .  In
ar id  loca t ions ,  some prov is ions  wou ld  have to  be
made to  f ind  enough water  to  assure  tha t  the
chamber  water  leve l  cou ld  be  main ta ined.  Heat  f  rom
the sur round ing  rock ,  wh ich  ge ts  i t s  heat  f  rom the
molten rock direct ly below, causes the water to boi l ,
fo rming  s team in  the  upper  ha l f  o f  the  chamber .  Th is
steam forces i ts way up the second pipe to the plant.
Here  i t  tu rns  a  tu rb ine ,  i s  then condensed,  and
reenters  the  chamber  th rough the  f i rs t  p ipe  fo r
reheat ing to steam.
Th is  method ho lds  qu i te  a  lo t  o f  p romise  i f  a t
some f  u tu re  t ime i t  can  be  proved tha t  no  harm wi l l
come f  rom the  use  o f  the  nuc lear  exp los ive .  The use
of  convent iona l  exp los ives  does  no t  f  u  rn ish  enough
heat and force to form a large enough open cham-
ber  to  make the  sys tem prac t ica l .  The chamber  must
be large, several  hundred feet across, to hold
enough water,  so i t  can furnish a plant of  several
hundred megawatts with enough steam to be prac-
t ical .  Otherwise this method wi l l  be no more useful
than the water fracture method. Adopt ion of this
sys tem cou ld  g rea t ly  mu l t ip ly  the  s i tes  where
- 2OOO fl. diometcr
Fig .  6 . -The use o f  nuc lear  exp los ives  to  c rea te  chambers  in  rock  tha t  s i t s  on  magma.  The s team above
the  water  in  the  chamber  wou ld  be  tapped by  a  d r i l led  we l l  and lead to  tu rb ines  in  the  power  p lan t  on  the
sur face .  The condensate  wou ld  be  re tu rned fo r  reheat ino .
geothermal  energy  cou ld  be  u t i l i zed .  l t  wou ld  a lso
great ly  shor ten  the  t ime requ i red  to  ge t  la rge
capac i ty  geothermal  p lan ts  in to  opera t ion .
Sc ien t is ts  wou ld  l i ke  to  be  ab le  to  tap  the
magma d i rec t l y .  F rom a  theore t ica l  s tandpo in t ,  th is
is  a t t rac t i ve .  The tempera tures  are  so  h igh  tha t  the
poten t ia l  e f f i c iency  o f  a  s team cyc le  can be  very
h igh .  The prob lems aga in  a re  fo rmidab le .  The
depths  to  wh ich  dr i l l i ng  must  take  p lace  are  beyond
today 's  techno logy ,  bu t  tha t  can  probab ly  be  over -
come.  The tempera tures  and cor ros ive  lements  o f
magma are  another  i ssue.  These w i l l  requ i re  a  new
phase o f  research  deve lopment  and techno logy .
The methods  or  sys tems invo lved in  ge t t ing  the
mater ia ls  o f  the  sys tem,  such as  a  heat  exchanger ,
to effect ively transfer heat to a medium to be used
above ground,  must  be  exp lo red .
One method proposed is  to  inser t  a  la rge
bund le  o f  thermocoup les  in to  the  mol ten  rock .  The
great  d i f f  i cu l ty  i s  in  f  ind ing  mater ia ls  tha t  w i l l  s tand
the  h igh  tempera tures  fo r  a  long per iod  o f  t ime.  l f
th is  type  sys tem cou ld  be  deve loped,  the  heat  in  the
magma cou ld  be  d i rec t l y  conver ted  to  e lec t r i c i t y
w i thout  the  in te rmed ia te  s teps  o f  s team,  tu rb ine-
genera tor  and condens ing .  l twou ld  be  a  much more
ef f i c ien t  sys tem,  bu t  there  is  a lways  the  prob lem o f
ob ta in ing  the  quant i t y  o f  power  des i red  th rough
these d i rec t  convers ion  methods .
Effects on the Environment
Deve lopment  o f  geothermal  energy  is  on  a
re la t i ve ly  smal l  sca le ,  and there  is  no t  as  much
actual data on i ts environmental  ef fects as com-
pared to  foss i l  fue ls ,  hydroe lec t r i c  and nuc lear
power  p lan ts .  We know in  the  case o f  foss i l  fue ls ,
espec ia l l y  coa l ,  tha t  the  min ing  o f  the  fue l  has  a
great impact on the local area. Transportat ion is
another  concern .  There  are  a lso  grea t  amounts  o f
res idue to  be  d isposed o f  a f te r  the  energy  is  ex-
t rac ted  f rom the  fue l .  In  the  case o f  geothermal
energy ,  the  p lan t  i t se l f  as  p resent ly  env is ioned,  w i l l
be  loca ted  a t  the  s i te  o f  the  energy  source .  The
d is rup t ive  processes  o f  es tab l i sh ing  a power  p lan t
w i l l  be  about  the  same as  fo r  o ther  type  p lan ts .  A f te r
i t  i s  in  opera t ion ,  cond i t ions  wou ld  be  d i f fe ren t .
l f  the  geothermal  p lan t  can  ex t rac t  d ry  s team
from the earth, s ide effects of the plant 's operat ion
wi l l  be  min imized.  But  i f  a  mix tu re  o f  water  and
s team is  necessary ,  the  water  can and probab ly  w i l l
car ry  minera ls  tha t  requ i re  p lann ing  to  hand le
proper ly .  l f  the  f  lu ids  conta in  tox ic ,  sa l ty  o r  cor ro -
s ive  mater ia ls  i t  i s  necessary  to  p lan  proper  d ispo-
s i t ion  be fore  the  p lan t  i s  pu t  in  opera t ion .  Some-
t imes these contaminants  may be  re tu rned to
underground sources  where  they  or ig ina ted .  How-
ever,  that may not always be possible.
I t  i s  common fo r  the  f lu ids  f rom underground
sources to carry dissolved gases, such as carbon
d iox ide ,  hydrogen su l f  ide ,  methane or  ammonia ,  Of
these,  hydrogen su l f ide  and ammonia  are  very
ob jec t ionab le  to  humans and must  be  cont ro l led  i f
the  f  lu  ids  ever  reach the  a tmosphere .  In  some cases ,
i f  f  lu ids  a re  w i thdrawn f  rom the  ear th 's  deoths  over  a
per iod  o f  t ime,  the  sur face  may s ink .  Th is  cou ld  be
aver ted  by  pumping  back  as  much f  lu id  as  was taken
out .  In  the  pumping-back  process ,  however ,  some
contaminat ion  o f  o ther  g roundwater  may occur .
These poss ib i l i t i es  need to  be  s tud ied  and ac-
counted for before construct ion.
In  summary ,  i t  i s  genera l l y  thought  tha t  the
env i ronmenta l  e f fec ts  o f  geothermal  power  p lan ts
wi l l  be  much less  than convent iona l  o lan ts  o f  the
same generat ing capacity.
Questions
To stimulate thought and greater understanding of geothermal energy, answer these questions with the
best word(s) to make a true statement. Refer to the material when necessary.
1. What does the word geothermal mean?
2. What is the source of geothermal heat?
3. What is one of the key phases in the development of geothermal energy?
4. What natural fact brings geothermal energy within the realm of practical application? (Study Figure 2.)
5. What conditions cause wet steam production?
6. What condition causes dry steam?
7. Which of the two conditions (wet or dry) is rarely found in nature?
8. Which of the two conditions (wet or dry) furnishes the most efficient system?
9. Can the water and minerals separated from the steam of a wet steam system be of benefit? (Yes or No)
10.  ls theenvi ronmenta l impactonthelocalareamin imizedbythedrysteammethod? (YesorNo)
Answers
1. earth heat
2. radioactivity within the earth
3. geologists f inding the best places
4. In some places the hot outer core is very near the surface.
5. groundwater not close enough to magma to receive nough heat
6. groundwater very close to magma
7. dry steam
8. dry steam
9. yes
10. yes
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